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ABSTRACT

Castleman disease (CD) describes a group of three rare and poorly understood lymphoproliferative disorders that have heterogeneous clinical
symptoms and common lymph node histopathological features. Unicentric CD (UCD) involves a single region of enlarged nodes. Multicentric
CD (MCD) involves multiple regions of enlarged lymph nodes, constitutional symptoms, and organ dysfunction due to a cytokine storm often
including interleukin 6. MCD is further divided into Human Herpes Virus-8 (HHV-8)-associated MCD, which occurs in immunocompro-
mised individuals, and HHV-8-negative/idiopathic MCD (iMCD). Recently, iMCD has been further sub-divided into patients with TAFRO
syndrome, which involves thrombocytopenia (T), anasarca (A), fevers (F), reticulin myelofibrosis (R), organomegaly (O), and normal or only
slightly elevated immunoglobulin levels, and those who do not have TAFRO syndrome. Non-TAFRO iMCD patients typically have thrombo-
cytosis, less severe fluid accumulation, and hypergammaglobulinemia. iMCD patients with TAFRO syndrome may have a worse prognosis, but

more research is needed.
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INTRODUCTION HHV-8-associated MCD and HHV-8-negative, idiopathic
MCD (iMCD) [11,12].

Castleman disease (CD) is a rare and still inadequately There is limited epidemiological data regarding CD mostly

described and understood disease that could be fatal if not ~ due to historical lack of a unique international classification
properly treated. CD was named after Benjamin Castleman,  of disease (ICD) code for this disease. This is changing due to
who was the first to describe the characteristic histopatho- ~ Vvaliant efforts of patients, clinicians and researchers assem-
logical findings of angiofollicular lymph node hyperplasiaina  bled through the Castleman Disease Collaborative Network
localized region of lymph nodes in the 1950s [1,2]. The disease ~ (CDCN), which has built a global community for targeted
was subsequently observed to also occur in more than one ~ and patient-centered collaborative research [13]. The esti-
lymph node region leading to the first major classification of ~ mated incidence of all forms of CD is 6500-7700 individuals
the disease into unicentric CD (UCD) and multicentric CD  every year in the USA or about 2.2 per 100,000 [14]. Three
(MCD) [3]. UCD is in most cases treated successfully with ~ year disease-free survival rate derived from a systematic lit-
surgery [4,5]. MCD was strongly associated with the HIV ~ erature review from 2011 was 45.7% among 84 HIV negative,
epidemic and Human Herpesvirus (HHV-8) infection was ~ HHV-8 unknown MCD cases, and a 2012 series of 60 HHV-8
found to cause MCD in immunocompromised individuals ~ unknown MCD cases showed a 10-year overall survival rate of
[6-10]. Approximately one-half of MCD cases are HHV-8-  around 40% [12,15,16]. The CDCN is currently building a CD
positive and the other half are HIV-negative/HHV-8-negative ~ registry, which will provide more reliable data on epidemiol-
and idiopathic. This has led to the classification of MCD into  ogy, clinical characteristics, and the outcome of this disease.

UCD, HHV-8-associated MCD, and iMCD all share com-
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centers, hypervascularization, including sclerotic blood ves-
sels, and follicular dendritic cell (FDC) prominence as well
as FDC dysplasia. There is controversy surrounding HV type
since many hematopathologists consider this type to occur
only in UCD, since sclerotic vessels and FDC dysplasia are not
often seen in MCD. More recently, “hypervascular” (HyperV)
has been used to describe this histopathological subtype
(Fajgenbaum et al., in press) [18]. PC involves hyperplastic ger-
minal centers, hypervascularization, sheet-like plasmacytosis,
and occasional atrophic germinal centers. Mixed involves fea-
tures of both HV and PC. The value of these histopathologi-
cal subtypes to inform patient care is limited and somewhat
controversial.

The etiology of iMCD is unknown, but the symptoms are
a result of a cytokine storm, which often includes interleukin 6
(IL-6) and other pro-inflammatory cytokines [12]. The etiology
of the cytokine storm in iMCD may be viral, autoinflammatory,
autoimmune, or neoplastic [9,10]. iMCD can occur at any age,
but is most common in 30-40 year olds and is slightly more
frequent in men than in women [19,20]. iMCD symptoms can
range from mild lymphadenopathy to more severe cases involv-
ing intense inflaimmation, hepatosplenomegaly, capillary leak
syndrome with anasarca, pleural effusion and ascites, organ fail-
ure, and death [12,19]. Skin involvement in the form of cherry
hemangioma is often noticed [21]. Patients of Asian descent
often display large violaceous skin lesions and interstitial pneu-
monitis, while Polynesian patients demonstrate a mild clinical
course despite significant biochemical derangements [12,22-24].

iMCD can be further divided clinically into patients with
TAFRO syndrome and those without TAFRO syndrome.
TAFRO syndrome patients have thrombocytopenia (T), ana-
sarca (A), fevers (F), reticulin myelofibrosis (R), organomegaly
(O), and normal or only slightly elevated immunoglobulin lev-
els. Patients with these clinical symptoms were first described
as having “TAFRO syndrome” in 2010 by Takai et al. [25], but
iMCD patients with TAFRO symptoms have been observed
and reported for decades. Although the vast majority of
reported cases of so-called “TAFRO patients” are from Japan,
a Caucasian case was reported in Europe [26] and 2 cases from
the United States were included in a predominantly Japanese
analysis of 25 cases in 2016 [27]. There is no doubt that TAFRO
cases are present in other populations, however more recogni-
tion and reports are of great importance for elucidation of this
clinical syndrome. iMCD patients without TAFRO syndrome
typically have thrombocytosis, less severe anasarca, and hyper-
gammaglobulinemia (Figure 1). This group of patients has
been described as having the idiopathic plasmacytic lymph-
adenopathy with polyclonal hyperimmunoglobulinemia or
[PL-type [28]. The enlarged lymph nodes in IPL/non-TAFRO
patients are generally more enlarged than the TAFRO cases.
TAFRO cases are typically more acute in presentation.

82

TAFRO IPL/

non-TAFRO

Syndrome

Thrombocytopenia

|

|
|
|

€—— Constitutional Symptoms
€——————————— Renal dysfunction ——m—mm———>
<€—— Hepatosplenomegaly — ——>

Hyaline Vascular/Mixed Histopathology

v

Thrombocytosis

\
" Hypergammaglobulinemia

j Plasmacytic/Mixed Histopathology

FIGURE 1. Clinical spectrum of iMCD. iMCD includes a broad
spectrum of clinical and laboratory abnormalities. iMCD patients
tend to experience either TAFRO syndrome abnormalities (top)
or IPL/non-TAFRO abnormalities (bottom). Constitutional symp-
toms, renal dysfunction, and hepatosplenomegaly do not
tend to segment to TAFRO or IPL. iMCD: Idiopathic multicentric
Castleman disease; TAFRO: Thrombocytopenia, anasarca, fevers,
reticulin myelofibrosis, organomegaly; IPL: Idiopathic plasmacytic
lymphadenopathy.

A major issue in the clinical approach to TAFRO syn-
drome was raised recently by Dr. Frits van Rhee (personal
communication). It is not still clear if TAFRO syndrome
simply represents the most “extreme clinical presentation” of
iMCD or if TAFRO syndrome is an overlapping entity with
iIMCD with distinct pathophysiological, laboratory, and clin-
ical characteristics. These issues are also raised by two papers
focused on clinical, pathological and diagnostic criteria of
TAFRO syndrome [27,29]. In their paper published in the
American Journal of Hematology in 2016, Iwaki et al. [27]
characterized the disease as TAFRO-iIMCD, a distinct entity
within the larger clinical area of iIMCD. Although TAFRO syn-
drome is characterized by a more aggressive clinical course,
corticosteroid  refractoriness, thrombocytopenia, higher
frequency of anasarca, elevated levels of alkaline phospha-
tase and especially normal levels of gammaglobulins, in the
authors’ opinion it has enough similar characteristics, partic-
ularly histological to keep it within the larger iIMCD umbrella
(Figure 2). Therefore, the authors recommend further subclas-
sification of IMCD into TAFRO-iIMCD and iMCD-NOS (not
otherwise specified). Masaki et al. [29] take a slightly different
approach to diagnosis and classification of TAFRO syndrome.
In their diagnostic criteria, histological features consistent
with CD in lymph nodes is not a necessary part of the diag-
nosis, as only 2 out of 4 minor categories are necessary for the
diagnosis in addition to 3 major categories (anasarca, throm-
bocytopenia, and systemic inflammation). Two histological
categories (CD-like features on lymph node biopsy and retic-
ulin myelofibrosis or increased number of megakaryocytes

in bone marrow) could be absent if mild organomegaly and
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FIGURE 2. Histological findings of TAFRO-IMCD lymph nodes
(A-F) and bone marrow (G-J). (A) The biopsy of a mildly enlarged
lymph node shows atrophic germinal centers and intact sinuses
(H&E staining); (B) Marked proliferation of high endothelial venules
were observed in the germinal centers and interfollicular zone;
(C) Atrophic germinal centers with endothelial cells demonstrat-
ing enlarged nuclear proliferation without prominent penetrating
hyalinized blood vessels (H&E staining); (D) The interfollicular zone
is expanded and there is proliferation of highly dense endothelial
venules with enlarged nuclei (H&E staining); (E) There are small
numbers of CD138-positive plasma cells in the interfollicular zone
(CD138 staining); (F) CD21 immunostaining shows expanded
or disrupted patterns of follicular dendritic cell networks (CD21
immunostaining); (G) Fifty-nine percent (13/22) of cases show
hypercellular marrow (H&E staining); (H) Megakaryocytes tended
to be hyperplastic (H&E staining); (I) Megakaryocytes were slightly
atypical, with multiple and widely separated nuclei. Marked plas-
macytosis was not observed (H&E staining); (J) Silver stain shows
very loose network of reticulin fibers (Silver staining). iMCD:
Idiopathic multicentric Castleman disease; TAFRO: Thrombocy-
topenia, anasarca, fevers, reticulin myelofibrosis, organomegaly;
H&E: Hematoxylin and eosin. Reprinted from Iwaki et al. [27] with
permission.
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progressive renal insufficiency are present. Therefore, patients
without histological characteristics of MCD could be assigned
a diagnosis of the TAFRO syndrome based on their clinical
presentation. Case reports from TAFRO patients seem to sug-
gest that IL-6 may be less important and vascular endothelial
growth factor (VEGF) more important in those cases, but
further research is necessary. However, this distinction could
be artificial considering the number of elevated cytokines in
the process of a cytokine storm. At the end, Masaki et al. [29]
consider TAFRO and iMCD as overlapping syndromes, since
some of the TAFRO patients do not fulfill the criteria of iMCD.

In conclusion, the etiology, pathology, and overall strategy
for the optimal treatment of the TAFRO syndrome remain
unclear. TAFRO syndrome could have a unique pathogen-
esis that is different from the pathogenesis of other cases
with iMCD. Therefore, it is possible that different therapeu-
tic approaches will be necessary in the treatment of TAFRO
patients as opposed to iMCD patients. Deep ‘omics analyses
could potentially provide us with new therapeutic targets in
the near future. There are lot of unknowns about this new
clinical entity, however there is very strong resolution among
patients and the research community to disentangle this
Gordian Knot.
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